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Description 

One goal of genetic engineering research has been the development of methods for the production in 
microorganisms of proteins produced naturally only in higher organisms. This-goal has been achieved with 
respect to certain eucaryotic growth hormones or analogs thereof. Strains of genetically modified bacteria, 
e.g. Escherichia coti. capable of producing upon growth and induction various growth hormones or analogs 
have been deposited with the American Type Culture Collection (ATCC) in Rockville, MD. Such hormones 
are of great potential value in agricultural applications, e.g. to increase milk and meat production in farm 
animals, as well as in medical applications, ag. to treat humans afflicted by dwarfism. 

The production of a growth hormone by a microorganism involves the following general steps: (1) 
foreign DNA encoded with the genetic instructions for the production of desired hormone is inserted into an 
appropriate microorganism, such as Escherichia Cofi; (2) the microorganism is cultured under suitable 
conditions and produces and stores the hormone in large quantities; and (3) the hormone is recovered from 
the microorg anis m and purified. 

Recovery and purification of the hormone generally involves disrupting the cell, separating the growth 
hormone from other cellular components and further purifying the recovered hormone. Undesired cellular 
constituents may be digested with enzymes, solubi&zed with surfactants and separated from the hormone 
by centrifugation. Finally, the growth hormone can be purified to a varying degree by a variety of 
techniques which have been developed for the purification of proteins in general. Such techniques include 
one or more of the following: dialysis] zonal centrifugation, molecular exclusion chromatography. Isoelectric 
precipitation, salting-in and salting-out solvent fractionation, electrophoretic methods, Ion-exchange 
chromatography and affinity chromatography. These methods vary among themselves both with regard to 
economic feasibility and the degree of purification achievable. 

Pending co-assigned US. patent application Serial No. 514,188, filed July 15, 1983, describes a 
recovery and purification method for bovine growth hormone. That method involves recovering the hormone 
by mechanically disrupting a blended cell suspension and incubating the precipitate with fysozyme and 
then with deoxyribonuctease. The hormone is then purified by sonicating the sdubilized hormone, clarifying 
the solution by centrifugation and subjecting the solution containing the hormone to gel chromatography, ion 
exchange chromatography, dialysis and tyophilization. ( 

The preceding method requires rather large amounts of lyso^yme and entails repeated and time- 
consuming washes In order to yield purified hormone, and even then in only a relatively low yield (about 10- 
15% based on the weight of the hormone in the cells at the end of fermentation). The preceding method 
suffers another disadvantage owing to its reliance on deoxyribonuctease digestion. Deoxyribonuctease is an 
expensive enzyme that has been used to digest cellular DNA during the hormone recovery process. 
Preparations of deoxyribonuctease have been found to be contaminated with proteases which degrade the 
desired product during recovery. Use of deoxyribonuctease as in the preceding method may thus reduce 
the yield of recovered hormone unless additional precautionary steps are taken to inhibit any protease 
present Even then, complete inhibition of protease may not be possible. In addition to reducing the product 
yield, the use of deoxyribonuctease also leads to a product of less than desirable stability, because of 
protease contamination. 

A method for recovering a purified eucaryotic growth hormone or analog thereof has now been 
developed which is easier to perform, better controlled and less expensive than previous methods. Th 
method of this Invention results In the recovery of the desired product In higher yield and in a more staW 
form than was previously obtainable. The method requires only 2£%-5% of the amount of lysozyme used 
in the previous method, thereby faciStating purification and reducing the cost of recovery. Moreover, th 
method does not require the use of any deoxyribonuctease. In addition to further reducing the cost of 
recovery, eliminating the need for deoxyribonuctease more than doubles the yield of product and affords 
the product in significantly more stable form. Furthermore, by reducing the number of washings required 
this method affords a more convenient and time-efficient process for recovery of purified growth hormones 
or analogs, taking, only 10% to 20% of the time of the previous method. By utilizing ultrafiltration, the 
method achieves both a significant reduction In cost and improved product purity. 

EP-A-0 1 1 4 506 discloses a means for enhancing the amount of protein precipitated In retractile bodies, 
and further discloses a method of Isolating active enzyme from the lefractite bodies by solubiyzation in a 
strong chemical denaturant followed by further purification and renaturation steps. 
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Summary of the Invention 

» 

This invention concer ns a method for recovering a purified animal or human growth hormone or a 
polypeptide analog thereof from a bacterial- cell in which the eucaryotic growth hormone or analog has been 
produced by means of expression of a DMA sequence encoding the hormone or analog which comprises 
the following steps: 

a) disrupting the cell wall of the bacterial cell or fragments thereof to produce a lysate; 

b) separating a precipitate containing particulate and insoluble material from the lysate; 

c) preparing a suspension of the separated precipitate in an appropriate buffer solution; 

d) contacting the suspension for a suitable period of time with up to 100 ug rysozyme/ml solution in the • 
absence of DNAse and treating the suspension to effect contact between liquid and solids; 

e) s e pa r atin g partially or completely precipitated material from the Bqujd soCds contacted suspension; 

f) solubiBzing the separated preci pila lB in a sufficient amount of aqueous solution and adjusting the pH to 
between 8.0 and 12.Q to form a solution, 

g) separating the sotubilized hormone or analog from other cellular components by ultrafiltration using a 
membrane having a cut-off point of about 100 K molecular weight under suitable conditions to produce 
an uttrafirtrate containing the hormone or analog and a retentate; and 

h) treating the solubilized hormone or analog so as io further purify and concentrate the hormone or 
analog and thereby recover the purified hormone or analog. i 

Lysozyme may be employed in .step (d> to treat the suspension of the precipitate separated from the 
lysate before Squid-solids contact and subsequent precipitate separation. The latter two steps as well as 
ultrafiltration may be repeated, ton exchange chromatography may be employed in step (h) to further purify 
and concentrate the Iwrmone or analog. Additionally, most of the process steps may be performed in a 
continuous flow and may be automated. « -^n ***** 

Suitable norrnorw^iroducing bacterial cells for use In this invention include Escherichia ^strains 
ATCC Nos 39806, 39785. 39386, 39384. 39804. and 39792. Growth hormones which can be recovered and 
purified using this Invention include bovine, porcine, chicken, and human growth hormones, and analogs 
thereof. > • 

Detailed Description of the Invention . '. 

A new method has been developed for recovering a purified eucaryotic, e.g. animal or human growth 
hormone or an analog thereof from a bacterial ceil in which the growth hormone or analog has been 
produced by means or expression of a DtM seqwnce encc^ng the hormone or ar^. 

Genetically modified bacterial cells for use in this method are krtown. A strain of Escherichia jog 
genetically modified to produce an analog of bovine growth liormpne (bGH), for example has been 
SeSSwith the AtTtettoaT Type Culture Election (ATCC, J^g^^^nSE of me 
rto39808 The bGH analog has the amino acid sequence Met-Asp-GIn added to the rUermlrwaof the 
pLXne^rm of '35 bGH. Another genetically modified E. cofi cell line deposited with ATCC and 
SoCaTCCNo. STOSpUices a bGH analog having a methionine residue added to the ^nusof 
t^SSylartne tol tf^aTbGH. Still another strain of E. coU deposited with ATCC and assigned ATCC 
£ S^Suc^ a human growth hormone (hGH) anaTog-fiaving the amino acid sequence ofnatoral 
ntn^nCS Met- and "lacking amino acids M3. white the ^^jT^^ 
39384^oduces a hGH analog having the sequence of natural hGHl>receded by metlvorine at *eN- 
te^amllarty. the t3h cell fines assigned ATCC Nos. 39804 and',39792 rxaduce a Porc^jBrow* 
Sne ^analog andfchicken growth hormone (cGH) analog respectively, eadihaving a mettrtontoe 
SdTadded to^NHerrninus of the phenylanine form of the re^ectjye 

aSeSSd hormone analogs may be P^J^^^"^^^^ ^ 
under suitable conditions and may be recovered in purified form l>ytta^ 
^tfs^nethod is easier to perform, better controlled and less expend 

resu^^^eWy of the dSed product in higher yield and ^J^ ^^j^ 
be recovered by this method In yields In excess of 25% or even 30% by weight based on the y^ight oftne 
torZeTSalog present in *e bacteria at the end of fermentation, Lysozyrnete uttfaedjn tesser 
anSdtfte^^ 

J^Uxyrir>)nuoSase. may be performed in a continuous flow manner and may be conveniently 

*^a^ancewr*^ 
. decanted bacterial cefls. fragments thereof or ceil cake are suspended In, a suitable buffered solution at a 
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neutral pH, .g. a pH of about 7.4. A suitable suspensi n medium for this purpose is an aqueous solution of 
50mM Tris (pH 7.4)S0 mM NaCI. 50mM Tris (pH 7.4) : SOmM EOtTA 50mM sodium phosphate buffer (pH 
7.4):50mM NaCI r SOmM sodium phosphate buffer (pH 7.4) : 50mM EDTA Alternatively, the fermentation 
mash cell suspension, after adjusting its pH to a neutral pH, may be used directly. 

The cell wall of the suspended bacterial cell or fragments thereof is then disrupted to produce a lysate. 
In a preferred embodiment, the cells are mechanically disrupted at temperatures less than about 35°C, e.g. 
between about -10°C and about +8°C. A bead mill or homogenizer, e.g. a Dynomill KD-5 apparatus (Willy 
A Bachofen. Basel) is an appropriate, commercial disrupter for this purpose. The disruption is preferably 
performed by continuously passing the suspension through the disrupter at an appropriate tiow rate. 

• /.ghnilBnitir 



o.y«wui au win. 

A precipitate containing particulate and insoluble material including the hormone or analog and other 
water insoluble proteins as well as cell membrane and cell wall fragments and aggregates is then separated 
from the lysate which also contains water soluble proteins. DMA and RNA or fragments thereof. To effect 
this separation, the lysate is preferably diluted with a suitable amount e.g. an approximately equal volume, 
of deionized water and then centrifuged in' a solid bowl continuous, flow centrifuge (e.g. Cepa 101) at flow 
rates sufficient' to effect the desired separation, e.g. about 60-80 L/hr. A suspension is then prepared of the 
separated precipitate in a suitable amount of an appropriate buffer solution having a neutral pH. e.g. a pH of 
about 7.4. Preferably the solution contains 50 mM Tris or sodium phosphate (pH 7.4):50 mM EDTA A 
suitable amount of buffer solution for the suspension is about 0-5-?.5 liters per Kg of initial bacterial cells. 
> preferably about 15 liters per Kg of cells. 

Undesirable cellular material such as can wall fragments may then be digested by incubating the 
suspension with an appropriate enzyme capable of digesting polysaccharides present in the suspension. 
e.g. tysozyme (Sigma L-6876. St Louis. MO), under suitable conditions and for a suitable period of time. 
The presently preferred concentration of tysozyme is about 50-1 OOug per ml of solution, a significant 
i reduction from the 2 mg/ml used in previous methods. An appropriate period of time for the lysozyme 
incubation is between about one and 20 hours. The temperature during this incubation period is preferably 
maintained at about 37°C. A suitable amount of an appropriate surfactant e g. Triton® X-100 (Rohm & Haas 
Co Philadelphia, PA), may then be added to the suspension to a final concentration of about 1% (v/v) in 
order to sblubilize material such as cellular lipids. The suspension 'is then further incubated for a suitable 
so period of time. e.g. about 30 minutes. . . _ . 

The liquid and solids contained in the suspension are then treated so as to effect intimate liquid-soOds 
contact for example, by sonicaffon under suitable conditions, such as with a 370W continuous flow 
sonicator (Heat Systems Ultrasonics. Pteinview. NY) set at 65% of maximum power and with a flow rate of 
about 18 L/hr to 25 L/hr. Precipitated material is then separated from the liquid-solids contacted suspension, 
ss preferably by centrifuging the liquid-solids contacted suspension in a solid bowl continuous flowwntrrfuge 
teTS^ 1017^ an appropriate flow rate *g. about 30 Uhr. In another embodiment the separate in this 
and subsequent steps may be effected by microfittration with an appropriate membrane. e.g. a Millipore 
Durapore.0.45 micron membrane instead of centrifugation. After the separation, the P^P"^™* 8 ™ 
separated from the liquid-solids contacted, e.g. sonicated, suspension may be washed, suitably with 50 mM 
40 Trisor phosphate (pH 7.4):100 mM NaCI, and resuspended In a suitable amount of an appropriatemedium. 
e g. a buffered or unbuffered aqueous solution. The suspension so prepared is 
solids contact such as through sonlcation. under suitable conditions, and the resultant preciprtated matenal 
is partially or completely separated from the liquid-solids contacted, e.g. sonicated, suspension, e.g. Dy 
centrifugation. or ultrafiltration as above. The re-suspending liqui*sofids contacting (eg- sonicating) and 
45 separating are preferably carried out at toast one additional time. In an especially preferred embotfment 
thew steps are performed four times as follows: the resultant precipitate is first re-suspended in 20 mM 
EJUS " SnM sodium phosphate buffer (pH 7.4) and the suspension Hqiid-soOds contacted! (0* 
sonkSed) as above. The suspension Is then centrifuged as above and tt» recovered presto re- 
sided in 50 mM Tris (pH 7.4) :100 mM NaCI or 20 mM sodium phosphate buffer (pH T&0 mM 
so EDTA100 mM NaCI. This suspension is then liquids contacted, euch asby mfcaflon. "^^.J*? 
as above and the recovered precipitate resuspended in deionized water. The water suspension is hqutah 
solids contacted, e.g. sonicated and centrifuged. again as above, and the recovered precipitate Is again 
sXr^feoTcfetoniLd water. This second water suspension is themliquld-sollds contacted, e.g. sonicated 
and centrifuged as above to yield a precipitate enriched in the desired r^joneor B ^-^ 
65 The separated precipitate Is then solubilized. for example, by resuspending <^ pradptttej *« 
M JSTWT.* 4^C. in a sufficient amount of water. pn>ferab»yabout 

SumWa* tr^pHadjusteo to a suitable alkaline pH. e.g. about 90 to 12.0 to form a *Mton attaining 
H?ZZ£» or analog. High sheer agitation (a* a Polytron IWnamafica] blender) may be used to facilitate 
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the dissolution. The pH f the initial suspension may be suitably adjusted by adding NaOH to the 
suspension. e.g. MO N NaOH, until the pH is about 9.0-12.0. preferably about 11.8-12.0. Preferably the 
NaOH is added simultaneously to the solution with vigorous stirring. The solution is then incubated and 
stirred for about 1 hour, after which the pH may be adjusted to about 10.5. 

An appropriate amount of a suitably concentrated aqueous solution of sodium borate, e.g. about 1M (an 
appropriate pH, e.g. 11 £-12.0), is then added to the solution to achieve a final borate concentration 
preferably of about 10 mM. The protein solution is then titrated to pH 10.5 either by its dilution with 2-10 
volumes of 10 mM sodium borate buffer (pH 102) or by titration with concentrated HCl or. IN HCI. The 
solution is then further incubated for 1-12 hours with stirring. The solution so obtained may be ciaiifiwi if 
desired by sonicating the solution under appropriate conditions, o.g. with a continuous flow Heat System 
Sonteatbr Model 370 at a flow rate of about 10 L/hr. centrifuging the sonicated solution under suitable 
conditions, e.g: with a solid bowl continuous flow centrifuge (e.g. Cepa 101) at a flow rate' of about 30 Uhr. 
separating the supernatant liquid and vacuum filtering the liquid, e.g. through a Whatman No. 2 paper on a . 
Buchner vacuum filter to produce a clarified solution containing the solubilized hormone or analog. 
Alternatively, centrifuging may be employed exclusively. 

The solubiBzed hormone or analog Is then separated from other cellular components such as proteins. ■ 
lipids and other particles, and aggregates are dissociated by ultrafiltration under suitable conditions. 
Preferably, the retentate obtained is resubjected to ultrafiltration at least once. During this procedure, the 
volume of the retentate should be reduced by about 95%. e.g.. from about 10 liters to about 05 liters and 
the nitrate collected. A PelUcon* Cassette or PUF-100 spiral (MilBpore Corp.. Bedford. MA) with . a 10OK 
M.W. cut-off is suitable for use in the ultrafiltration procedure. Preferably tt» retentate Is further diluted with 
a suitable buffer at an appropriate alkaline! pH. e.g. about 9-12. and subjected to further ultrafiltration. In a 
presently preferred embodiment 10 mM borate buffer (pH 105-12.0) is used. Redilution and recdncen- 
tratton by ultrafiltration is preferably repeated at least once. Alternately, the ultrafiltration may be effected 
one or more times at substantially constant retentate volume. In an especially preferred embodiment 
ultrafiltration is repeated until the absorbance of the retentate at 280 nanometers Is less than about 0.1 
optical density units. The hormone may be conveniently obtained from the ultrafiltrate at a level of purity 
and biological activity superior to that obtained previously by gel chromatography. 

The purified hormone or : analog obtained in the ultrafiltrate Is then treated.- such as by ton exchange 
chromatography. e.g. with an amine-containing ton exchange resin such as diethylaminoethyi. so as to 
further purify and concentrate the hormone or analog and recover the purified hormone or analog. 
Concentration of the ultrafiltration using a 10K M.W. membrane to remove water is optional pnor to ion 
exchange chromatography. During the ton exchange chromatography ^ ^SJ^VJ^ KS! .2 
oresent and muttimers ere separated from the hormone or analog. In this, step the pH of the uttrafiHrate is 
Srstadjusted to a suitable pH. e.g. pH 9.0. by titrating with hydrochloric add. and is loaded on a suitable ton 
exchange^lumn. e.g. a DEAE-Sepharose. CL-6B (fast flow) KS*70 sktional column ^*mac* R*" 
Chemicals. Piscataway. NJ). The system is then washed with a surtable buffer. ^-^M ^ buffer 
and the sample eluted at a suitable rate with an appropriate eluent. e.g. 10 mM borate buff er W ™) 
containing 100 mM NaCl. The fractions containing the hormone or analog may be concentrated by 
utaSon using a PelGcon* Cassette or PUF-100 spiral with a 10K M.W. cut-off and may ften be 
dialyzed against a solution containing a suitable concentration of an appropriate salt e.g. SmM^monium 
SSSe « amrnonium bicarbonate, again using a 10K M.W. ^j^^g* ^ d.aly ed 
rnaterial may then be dried by ryophilizatton or by spray drying under appropriate ^^^3S 
fe the more economical process and may be conveniently aa»mpbshed In a ^ W *V« JNire 
Atomyzer) using an inlet temperature of about 200°C, an outlet temperature of ^ 
+ZS3 SJ! Animal growttV hormones or analogs so processed may thus be obtained In the form of a 

^pS^a. growth hormones or enatogs may be recovered by ^XSS^XS * 
equal to about 30% based on the weight of the hormone or analog P^sent to^bade^the^^ of 
fermentation. The hormone or analog so obtained appears as one spot when developed on 15% 
polyacrylamide-SDS gel against tow molecular weight size markers (Pharmacia) as a reference. 

TW peptides obtained after ultrafiltration and ton exchange chromatography 
were purer and more stable than when gel chromatography was used to place of ultrafil^on or when 
SnceSon of the peptides was performed with a 10K M.W. ultrafiltration In place of Ion exchange 

' Ch TnTrSlrd'to biological activity of the hormones and analogs re«ttered. radioimmunoassay results 
tJSSS£SSSZ natural hormone had approximately equal affinities to the hormone or analog 
p^dX^propriate microorganism and recovered in accordance with this Invention. Similarly. 
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radioreceptor binding assays indicate binding activity of appropriate membranes toward the hormones or 
analogs purified by the present invention equivalent to that toward authentic samples of the natural 
hormones. Moreover, no antibodies to the hormones or analogs were d tected following either primary or 
booster injections of the peptides into appropriate animals. Furthermore, the bovine growth hormone analog 
s was found to increase lactation when administered to lactating cows'. 

The examples which follow are set forth to aid in understanding the Invention but are not Intended to, 
and should not be construed as to. limit Its scope in any way. The examples do not include detailed 
descriptions for conventional methods which are well-known to those skilled in the art 

to EXAMPLE 1 



Growth of E. coll and Production of a bGH Analog 



l Stock Cultures 

; i . 

Stock cultures of E. art strain ATCC No. 39806 which upon growth and induction produces the bGH 
analog. Met-Asp-Gtn-bGH were grown on casein medium (see Inoculum), then diluted two-fold with freezing 
medium and stored at -80°C. Freezing medium contains per 500 ml: ( " 



K2HPO* 


6.3 gr 


KH2P04 


13 gr 


Na Citrate 


0.45 gr < 


MgSCk«7H20 


0.09 gr 


(NrUfeSGi 


0.9 gr 


Glycerol 


44.0 gr ; 



II. Inoculum \ . 

3s The inoculum was propagated in 20 g/l casein hydrorysate, 10 g/l yeast extract and 2 glfteO j&wite 
medium in shaker flask was Inoculated from stock culture and incubated 15 hours on a sr^erat30Xat 
approximately 200 r.p.m. As needed subsequent stages in imx^lum ^propagation were <^^ outJr^rred 
aerated fermenters. Sterile medium was inoculated with 2-10% Inoculum culture ^j^^J^S 
30"C, P H7± 0.5 with agitation and aeration to maintain a dissolved oxygen level about 20% air saturation. 

40 

HI. Production > 
The production medium contains: 



60 



65 



Case In hydrorysate 


20 g/l 


Yeast extract 


IOg/1 1 


KzHPOi 


2£g/1 


MgSQ*-7H20 


lg/1 


NaCI 


5g/l 


Biotin 


0.1 mg/l 


Thiamine 


1 mg/l 


Trace elements solution 


3mt/l; 



The medium also contains 100 mgffiter.amptelinn. The amplclllin optional for production but is always 

found in the medium used for growing the inoculum. . 

thSnt and ampj^rin coocentrated solutions wore fitter sterinzedje^ey and ad^ to 
the sterile Ruction medium before inoculation. Sterile glucose solution was added initially to supply 10 



6 
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g/l At the induction step another 10 q/I of glucose was added.' 
The trace elements 'solution contains: 



FeCfe 


16g/l 


ZnCb*4H20 




CoCb*6feO 




Na2MoOi*2H20 


2g/i 


CaCb«2H20 


1 g/i 


CuCb 


1 g/l 


H3BO3 


0.5 g/l 


ConcHCt 


100mt/1 



The medium is inoculated with 05-10% inoculum culture and incubated at 30°C. Agitation-aeration rates 
is are set to maintain a dissolved oxygen level above 20% air saturation; The pli is maintained at 7.0 to 7,5 t 
0£ with Nrfe. Once cell xi6i^r^ reaches about 35 gA (Ofc<.o * 10) induction is started by raising the 
temperature to 42°C. The ter^^ was then maintained at 42°C for 1-5 hours, after which time the cells 
may be harvested from the ceil suspension. 

20 EXAMPLE 2 
Cell Harvesting 

I Rye hundred tors of cell suspension (containing 6.15 -^J^J^^'^S^Jl 

* B<ample1 was cooled to room tempera^ 
centn^ at 14.000 i^(l6.(^ 

TiTcEPA 101<*mrituge had a tube length of 73.7 cm. a radius to the discharge dam of 325 cm and a 
^uslo.to^ . 

» |8< ^ clear supernatant had a density d 

about dentin thickness ; with adensity of 1.1 g/ml. An atemative procedure is to allow the cells to settle 
overnight and siphon off the clear supernatant J , 

Assay methods: QuanWated get scan on cell suspension, supernatant and cake, 
as step yield 1 : 100% Overall yield: 100% 

Output volume: 2-3% of Initial cell suspension volume 
Calculated assay: 21 SgbGH/kg cake •'. -J 

Enrichment factor. 44 (bGH concentration in output/bGH concentration in input) 

i . • ■ < ' 

« EXAMPLES 

. 1 

Cell Disruption - 

The wetceBs (11 4 kg) from the cell harvesting step (Example 2) wer? suspended in 4 tore <*90mM 
« Tris^mtlStX2pH7.4foreachk.,og^ 

mi««r flGnarnatica) aids W dispersing the cake. The suspended cells were fed into DynomBIKD* head itub 

SSSJT^e disruoted cells were then diluted with an equal volume of dewnized **f 
SSShe^^i0?S)u1ar bowl centrifuge. The Mt-m^**** «W>.»«.M« 
!!SS S2^JS^r^were Identical to those of cell handling. The supernatant 
" .SaB@^SS£% Z discarded. The cake. (75% wot), cor*** the 

I bGH and w^ saved. 



by multiplylnrj with the conversion factor 0.t*l*7. yielding lOg bGH/L 



J 
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Disruption Buffer (SO mM TrisSO mM NaCI. pH 7.4): 

6.06 g Tris and ZB7 g NaCI In 750 mL deionteed water was adjusted to pH 7.4 with 
diluted to 1 L with defended water, and If necessary readjusted to p\\ 7.4. 
Assay methods: OuantHated gel scan on cells, supernatant and cake 
Step yield: 90% Overall yield: 90% 
Output volume: 1.05 of initial cell suspension volume 
Calculated assay: 37.1 g bQH/kg of cake 
Enrichment factor. 1.7 



HQ. 



20 



EXAMPLE 4 
Lysozyme Treatment 



2S 



30 



3S 



Lysozyme Buffer (50 mM TrisSO mM EDTA. pH 7.4): 



^6 06 g Tris and 14* fl EDTA in 750 mL ionized water was » ""-^ 

or St^l^^ed to J L with de.on.zed water £d1 J-Jf**- to > H T A 
JsSy, methods: Quanfitated gel scans on supernatants and cakes . 
Step yield: 97% Owirau yield: 873% 
Cxitput volume: 04J1% of WtW cell suspension volume 
Calculated essay: 61.9 g bGH/kg of cake 
Enrichment factor. 17 

EXAMPLES 

First Wash 

' A \ wa «5 rsusoendsd In 0.6 Stars of 20 mM Tris 

butter at pH 7 A <«^^ rt T S^l^^S- iS» — <* <• "» ■ 



First Wash Suffer (20 mM Tris. pH 7.4): 



60 



65 



a waaii www \-~. ■ — ' i ... 

~ ~ „^««„ M 7 4 with concentrated HCI. diluted to 1 Lwith 

2.42 g Tris In 750 mL deionlzed water was adjusted to pH 7.4 *ith concenuawo 

deionized water, and readjusted to pH 7.4. tf necessary. 
A^mettwds: Qwrtitafed gel s<^ on supematante and cakes 
steo Yield: 100% Overall yield: 873% , 

Calculated assay: 773 gbGH/kgof wet cake ! 
Enrichment factor 1.2 
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EXAMPLES 
Salt Wash 

was saved. 

Salt Wash Butter (50 mM Tris:10O mM NaC». pH 7.4): 

606 g Tns and 5-85 sodium chloride in 750 mL detonlzed •-^jjj * H 74 ^ 
eJSaid 1 5» Sled to 1L with deionized water and if necessary, readjusted to pH 7.4. 

Step yield: 100% Overall yield: 87.3% . 
Outout volume: 0.43% of initial eel! suspension volume j . 

Calculated assar- 88.4 g bGKVkg of cake 
Enrichment factor 1.14 

EXAMPLE 7 

Rrst Water Wash . 

Tne wet c*ke »1I kg) *om the sajt washstep ^^^^^^^T^^ 
D yrooen-1ree water for each kilogram of ongmal «*«*J2J^ ^ „, 18 ^through the Heat 
S^xer aids in dispersing the cake, ™ *£™J ^ ^ ^er pH of about 

» Svstems 370 watt model at 65% power. The ^J-"££fcSon CEPA 101 at a flow rate of 80 

-rr«wS 

A^aySods: CKianlitated gel scans on supematants and cakes 
oc wield- 99% Overall yield: 86.4% 
35 ^^0^8% of initial cel. suspension volume 

Stolated assay: 99.0 g bGH/kg of cake 

Enrichment fcctor 1.12 



40 EXAMPLE 8 

Second Water Wash 



60 



Secono fiowi vvwii 



^ vteld* 99% Overall yield: 85.6% 
SK^K-k eel, suspension volume 
Sted assay: 160 g bGH/kg of cake 
65 Enrichment factor. 1.62 
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EXAMPLE 9 
Dissolution Step 



The wet cake (1 31 kg) from the second water wash (Example 8) was suspended in 25 liters of 
deionized pyrogen-free water for each kilogram of washed cake (total of 32.6 titers). A Polytron high-shear 
mixer aids In dispersing the cake. The pH was adjusted stowty to 11.8 by addition of 10N NaOK The 
aggregated bGH dissolved slowly over a period of one hour. After the one hour Incubation period. 1M 
sodium borate at pH 113 was added to the solution to make the final solution 10 ml5 in sodiun tvats. The 
solution was held for 30 minutes before sonicatkm through the Heat System 370 watt model at 65% power. 
The feed rate to the sontcator was 18 L/hr. If the solution was very hazy. It was centrifuged at 30 L/hr 
through the CEPA 101; otherwise, the solution was filtered In 5-L portions through three 24-cm diameter 
Whatman No. 2 papers In a single Buchner filter. The vacuum was adjusted to prevent foaming during 
filtration. There was only a trace of Insolubte rwrterial. Tlie filtnjte 

The absorbance of the clarified solution was 8.1 OJ). at 280 nm (1-cm cell). H all the absorption were 
due to bGH, which it is not this would correspond to 14.3 g bGH/L The true bGH content Is less than half 
of this value. UV-absorbing impurities account for the ^nc^A" absc^^ 1Ji at280 nm (1-cm 
ceU) Is given by a 1.57 g/l solution of pure bGH at pH 8. (The absorbance of bGH changes with pH). 

Dissolution Buffer (1M sodiuim borate at pH 113): 

Dissolve 613 grams boric add In 750 ml deionlzed water and adjust to pH 113 with 50% NaOH. Dilute 
to a final volume of 1 liter with deionized water. 
Assay methods: Quantitated gel scan on washed cake and dissolved bGH 
Step yield: 100% Overall yield: 853% 
Output volume: 63% of initial cell suspension volume 
Calculated assay: 63 g bGHrtiter 
Enrichment factor 0.039 

EXAMPLE 10 

" — ... I 

100K Ultrafiltration 

"~~ - ^, no A Kters 297 000 OD) (Example 9) was divided into separate portions (6 

The clarified protein ^^^^^^'^^ 0 D Each portion was ultrafiltrated separately 
x 5.4 liters) each having anatotora t^aS^B Bedfwd MaV equipped with three .100.000 
through a ^^^^^ ^T^'J^^ ^P^^ concentrated to 1 L 

n.otecuter weight ^^^^^^^^^ saved^retohtate was diluted to its 
retentate volume. The ultrafiltrate was ^^/^^T ~ nH o ^ mixed well. The batch was 

AH ultrafittrates were then combined ana ^l" 5 ^*" H nnd m D H-adjusted ultrafiHrates were 



65 
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Table 1 



Row Rates for 100K M.W. Ultrafiltration 1 


Conditions 


Rata per unit of 
membrane area 


Rate with 3 cassettes (15 ft 2 ) 


Ultrafiltration rate when retentate is most concentrated: 
Ultrafiltration rate when reterrtate is most dilute: 
Recirculation rate when retentate is most concentrated: 
Recirculation rate when retentate is most dilute: 


LBL/hrft 2 
2.4Uhrft? 
72UhrfP 
36L/hrft* 


24Uhr 
36Uhr 
18 Lfrnin 
9 L/min 


1 At an inlet pressure of 50 psig and a back pressure of 5 psig 



|5 Assay methods: Quantrtated gel scan on input and absorbance at 280 nm (1-cm cell) on output qualitative 
gel chromatography , 
Step yield: 75.5% Overall yield: 64.6% . 
Output volume: 76% of initial cell suspension volume 
Calculated assay: 0.4 g bGH/liter . 
Eruichrnerrt factor 0,065 

20 The feed, retentate and uttrafiltrate were each examined by Sepharaose® CL-6B (Pharmacia Fine Chemi- 
cals, Piscataway, NJ) gel chromatography in order to determine the extent and quality of the separation. 

The conditions of the gel column are: 
2.6-cm cfia. x 100-cm long 

^ Total volume: 500 mL Void volume: 150 mL 

25 Row rate: 40 to 60 mL/hr 
Loading: 50 OD*s in 5 mL 
Buent: 10 mM sodium borate at pH 12 
Normal running time: 5 hrs 
Detection: 280 nm UV 

Gel chromatography buffer (10 mM sodium borate at pH 12): 

Prepared as described in Example 9. 

35 EXAMPLE 11 

Ion Exchange Chromatography 

The combined ultrafiltrates (380 liters, with an absorbance of 100,0Ck/oD) from the 100K ultrafiltration 
40 of Example 10 were loaded onto a SepharoseG CL-6B DEAE ioivexchange column (Pharmacia Fine 
Chemicals. Piscataway, NJ) at a linear flow velocity of 93 cm/hr (100 L/hr). The 37-cm diameter, 15-cm Wgh 
column was washed with two! bed volumes (32 L) of 10 mM sodium borate buffer at pH 9.0. and the eluate 
from the loading and washing steps discarded. A step change in eluent b 10 mM sodium borate:100mM 
sodium chloride at pH 9 displaced the bGH from the column. The elution flow velocity was 93 cm/hr. The 
45 progress of the elution was monitored by following the absorbance of the pluate at 280 nm. The bGH peak 
was collected in 4 to 5 bed volumes (84 liters with a total absorbance^ of 43,000 Ot>) and saved. The 
average concentration of the bGH fraction was 0.8 g bGH/L. 

The column was regenerated by washing the bed at a velocity of 93 cm/hr as follows: one bed volume 
. of 1M sodium acetate adjusted to pH 3.0 with HCI was applied to the column followed by one and one half 
50 bed volumes 0.5 N NaOH. After treatment with the NaOH, the column was allowed to stand for two hours, 
after which time the column was washed with one and one half bed volumes 1M sodium acetate adjusted to 
pH 3.0 with HCt. The bed was then equilibrated with 1 0 mM sodium borate (pH 9) by running at least three 
bed volumes of buffer through the Ion-exchange bed. Conductivity, and pH of the eluate should be checked 
against the ingoing solution. 
Assay methods: Absorbance at 280 nm (1-cm cell) 
Stop yield: 43% Overall yield: 27.7% 
Output volume: 16.8% of Initial cell suspension volume 
Calculated assay: 0.8 g bGH/L 
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^- riitlmuit f n filni ■ 4% 

tdlmJHTwu IBCCDr. 2 

Column wash buffer (10 mM sodium borate pH 0): 

0.62 g boric acid In 750 mL deionized water was adjusted to pH 10 with concentrated Ha, diluted to 1 
L with deionized water and. if necessary, readjusted to. pH 9.0. 

Button buffer (10 mM sodium borate, 100mM sodium chloride, pH 9): 

3.81 g sodium borate decahydrate and 5.85 g sodium chloride! in 750 mL deionized water was adjusted 
to pH 9.0 with conce n tr ate d HCt. diluted to 1 L with deionized water and, if necessary, readjusted to pH 9.0. 

Regeneration buffer (1M sodium acetate. pH 3.0): 

136.09 g sodium acetate •3H 2 0 in 750 ml deionized water was adjusted to pH 3.0 with concentrated 
HQ, diluted to 1 L with deionized water and. if necessary, readjustee! to pH 3.0. 

EXAMPLE 12 - 

. •: . ' * \ ' 

Conce h tr alion and Dialysis • 

■ " . i 

the bGH fraction from the Ion-exchange step (84 Bters, 43.000 OD) (Example 11) was adjusted to pH 
105 with IN NaOH. the adjusted solution was concentrated by ultrafiltration through a Winpore BeBicone 
uttrafifter equipped with three 10.(XKHnolecular weight cutoff cassettes (type pTQC) of 5 ft* eacfi until the 
calculated ab&rbance it 280 nm (1-cm cell) of the retentate Is 10. The uttrafiltrate should contain no bGH 
and wasdiseaidett the retentate was usually cwremtratedty a factor of roughly 20 (4.2 liters of retentate);. 
Row rates are shown in Table 2. 

•After the bGH had been concentrated, the solution was desalted by dialysis against NH*QH using the 
PelBcon* System whh the 10K M.W. cutoff cassette (diafiltration). 3 mM NH»OH solution (25 volumes per 
volume of retentate or 105 iters 3 mM NH»OH in this case) was cpntinuousfy added to the letenfcte at a 
rate Just sufficient to make up for the volume loss by bTafiltra^J the diafiltrate was than o^cangdjt 
contains salts and 10% of the input bGH as measured by absobartce The retentate containing i the.de?atted 
bGH Is drained from the Peflicone Sytem. and the ultrafiltef was washed with a small anwmt of 3 mM 
NH+OH which te combined with the retentate. The retentate volume before addition of the wash was 4.2 
liters (39.000 OD) at a concentration of 14.6 g bGH/L Row rates are shown in Table 3. 

Table 2 



Flow Rates for 10K M.W. Ultrafiltration 1 




Conditions 


Rate per jinitof 
mernbrane area 


Rate with 3 cassettes (15 ft 2 ) 


Ultrafiltration jate when retentate is most concentrated: 
Uttraffltratfori rate whefrr^ most dilute: 
Redraii^ most concentrated: 
Recirculation raie wtwri retentate is most dilute: 


lauhrft* 
2.4L/hrft? 
9L/hrfl? 

eunrft? 


27Uhr """" 
36Uhr 
2£5Umin 
1.5Urnlh 



' At an Inlet pressure i 
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Flow R 


ates for Diafirtration 1 against 3 mM NhUOH 


Conditions 


Rate per unit of membrane area 


Rate with 3 cassettes (15 ft 2 ) 


Ultrafiltration rats 




2.4L/hrft? 


36L/hr 


Recirculation rate 




gUhrft 2 


2.25 L/min ( 


1 At an inlet pressure of 15 psigand a back pressure of 5 psig. 



Assay method: Absorbance at 280 nm (1-cell) 

Step yield: 90 % Overall yield: 25% \ 
Output Volume: 0.84% of initial cell suspension volume 
Calculated assay: 14.6 g bGH/L 

Enrichment factor. 18.3 i 
EXAMPLE 13 
Freeze Drying 

The retentate and wash from the dialysis step (4.2 liters. 39.000 OD at a concentration of 14.6 g bGH/L) 
was shell frozen In a tan glass jar. The jar was connected to a lab freeze dryer for 24 to 48 hours until the 
contents were ly ophffized to dryness. The outer surface of the Jar was exposed to ambient temperature 
throughout the drying cycle. There was no detectable toss of bGH. The bGH (61.3 g) was harvested as a 
fluffy, white powder. 

Assay method: Absorbance on input and release assays on dry bGh 

Step yield: 100% Overall yield: 25% 

Output volume: 0.012% of initial cell suspension volume 

Calculated assay: 100% mash volume 

Enrichment factor 68 

Claims 

1 A method for recovering a purified animal or human growth hormone or a polypeptide analog thereof 
from a bacterial cell in which the eucaryotic growth hormone or analog has been produced by means of 
expression of a DNA sequence encoding the hormone or analog which comprises the following steps: 

a) disrupting the cell wall of the bacterial cell or fragments thereof to produce a lysate; 

b) separating a precipitate containing particulate and insoluble material from the lysate; 

c) preparing a suspension of the separated precipitate in an appropriate buffer solution; 

d) caScting the suspension for a suitable period of time with up to 100 ug lysozyme/ml solution in 
the absence of DNAse and treating the suspension to effect contact between liquid and solids; 

e) separating partially or completely precipitated material from the liquid solids contacted suspen- 
sion* 

t) solubiBzing the separated precipitate in a sufficient amount of aqueous solution and adjusting the 

' pH to between 9.0 and 12.0 to form a solution; ...w^n™ 

a) separating the sotubilized hormone or analog from other cellular components^ ultrafittration 
usingTmembrane having a cut-off point of about 100 K molecular weight under suitable condfcons 
to produce an ultrafiltrate containing the hormone or analog and a retentate; and 
h) treating the solubiBzed hormone or analog so as to further purify end concentrate the hormone or 
9 analog and thereby recover the purified hormone or analog. 

2. a method of dalm 1, wherein the hormone or analog is an animal growth hormone or an analog thereof. 

3. a method f claim 2, wherein the hormone or analog Is bovine growth hormone or an analog thereof. 

IS ■ ■ 

4. A method of daim 3, wherein the analog comprises the amino. *^ ®*J u ® nc ® ,J!?S!?*?!2!LhiMii te 
the *Hermlnus of m phenylalanine form of natural bovine growth hormone and the bactenal cell is 
Escherichia coG strain ATCC No. 39806. 



a 



3 



I 
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5. A method of claim 3. wherein the analog comprises a methionine residue added to the N-terminus of 
the phenylalanine form of natural bovine growth hormone and the bacterial cell is Escherichia coU strain 
ATCC No. 39785. 

6. A method of claim 1, wherein the hormone or analog Is human growth hormone or an analog thereof. 

T A method of claim 6. wherein the analog comprises the amino acid sequence of natural human growth 
hormone beginning at Met 14 and the bacterial cell is Escherichia coli strain ATCC No. 39388. 

8. A method of daim 6. wherein the analog comprises the amino add * ^^ um ^, 9 ™^ 
hormone preceded by methionine at the N-terminus and the bacterial cell Is Escherichia coir strain 
ATCC No. 39384. i 

9. A method of claim 2. wherein the hormone is porcine growth hormone or an analog thereof. 

10. A method of claim 9, whereto the anatog <*"t£»^^ 

the phenylalanine form of natural porcine growth hormone and the bacterial cell is Escherichia con 

strain ATCC No. 39804. 

11. AmethodofcWm Zwner^ 

« Ametood of CU^ 11. wt^n tj a^ 

the phenylalanine form of natural chicken growth hormone ana w ^ . re- 

strain ATCC No. 39792. 

14T A method of claim 13. wherein the neutral pH is about 7.4. 

15. AmelhodofcWml.wt^^ 

16. A method of claim 1. wherein the lysate Is diluted with a suitable amount of deionized water before the 
particulate material is separated. 

17. A method of claim 1 , wherein the separation in step (b) or step (e) comprises centrifugation. 

18. A method of claim 1 , wherein toe separation in step (b) or step'(e) comr^ses.uttrafiHration. 

« 19 . A ^ of ciaml. wherein 
comprises sontcation. 

<s effeding Bquid^oOds contact of the suspension in step <d). 
step(f). i 

separated at least one additional time. 
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24. A method f claim 1. wherein after solubifizing the precipitate at a pH of about 9.0-12.0, the pH is 
adjusted to about 10.5 

25. A method of claim 1, wherein an appropriate amount of a suitably concentrated aqueous solution of 
sodium borate Is added to the solution obtained in step (0. 

26. A method of claim 1 which further comprises clarifying the solution obtained in step (f) by liquid-solids 
contacting of the solution under appropriate conditions, centrifuging the liquid-solids contacted solution 
under suitable conditions, separating the supernatant liquid and filtering the liquid to produce a clarified 
solution containing the hormone or analog. 

27. A method of claim 1. wherein the reterttate obtained In step (g) is rejected to ultrafiltration at least 
once prior or subsequent to the treatment In step (h). 

2a A method of daim 27. wherein the reterttate is diluted with a suitable buffer at an appropriate alkaline 
pH before being re-subjected to ultrafiltration. 

29. A method of claim 28. wherein the appropriate alkaline pH Is about 9.0-12.0. 

v " i 

30. A method of daim 28, wherein the dilution and ultrafiltration are repeated at least once. 

31. A method of daim 27. wherein the retentate Is maintained at a substantially constant volume during 
ultrafiltration. 

32. A rnethod of claim 30. wherein the ultrafiltration at substantially constant retentate volume is repeated at 



33. A method of daim t. wherein the treatment of the solubffized hormone in step (h) comprises ion 
exchange chromatography. 

34. A method of claim 32, wherein the ion exchange chromatography is effected with an amino^ontaining 
ion exchange resin. 

35. A method of daim 33. wherein the amine<ontaining ion exchange resiA is diethytaminoethyMextran or 
s -sepharose. 

36. A method of claim 1. wherein the purified hormone or analog is concerned by ultrafiltration. 

37. A method of claim 1. wherein the purified hormone or analog is further purified by dialysis followed by 
to drying. 

38. A method of claim 36. wherein the dialysis is against a solution containing a suitable concentration of 
an appropriate salt 

<s 39. A method of daim 37, wherein the appropriate saK is ammonium hydroxide or ammonium bicarbonate. 

40. A method of claim 36, wherein the drying is effected by lyophilization. 

41. A method of daim 36, wherein the drying is effected by spray drying under appropriate conditions. 

50 

Patentansprtlche 

Lysats; 



EP 0 173 215 B1 



b) Abtrennen eines tetlchenfSrmiges und unlSstiches Material enthaltendenden Niederschlags aus 
dem Lysat; \ '• 

c) Zubereiten emer Suspension des abgetrennten Niederschlags In einer geeigneten Pufferidsung; 

d) bvBerQhrung-Bringen der Suspension wfihrend einer geeigneten Zeitdauer mit einer L6sung mtt 
bis zu 100 ug Lysozym/ml in Abwesenheit von DNAse und Behandeln der Suspension zur 
HerbeifOhrung eines Kontakts zwischen Fiflssfgkeft und Feststoffen; 

e) feilweises Oder votts&ndiges Abtrennen von ausgefSlttem Material aus der Suspension, in der die 
RQsstgkett mit den Feststoffen in Kontakt gebracht wurde; 

f) ln-L5sung-Bringen des abgetrennten Niederschlags in einer ausreichendert M^ngo a'*M waSiigon 
L5sung und BnsteUen des pH-Werts zwischen 9,0 und 12,0 zur BiWung einer LSsung; 

g) Abtrennen des in LOsung gebrachten Hormons oder Anatogen von den soostigen Zeltkomponen- 
ten durch Ultrafiltration unter Verwendung einer Mem bran eipes Abtrennungspuntts yon etwa 100 K 
Motefcutargewtcht unter geeigneten Bedingungen zur Gewinnung eines das Hormon Oder Analoge 
und etn Reterttat errthattenden Uttrafiltrats und 

h) Behandeln des in LSsung gebrachten Hormons oder Anatogen zur weiteren Reinijgung und 
Konzentration des Hormons oder Anatogen unter Gewinnung des gereinigten Hormons oder Anato- 
gen. 

2. Verfahren nach Anspruch 1. wobei das Hormon oder Analog© aus einem tiorischen Wachstumshormon 
odar einem Anatogen desseben besteht 

3. Verfahren nach Anspruch 2. wobei das Hormon oder Analoge aus Rinderwachsturnshormon oder elnem 
Anatogen desseben besteht 

4. Verfahren nach Anspruch 3. wobei das Analoge die an das N-Ende der Phenylalanin-Form natOrUchen 
RirKJemacrtstumshorrnons addierte AminosSuresequenz Met-Asp-Gln aufweist und die Bakterienzelle 
aus dem Escherichia coU-Stamm ATCC Nr. 39806 besteht 

6. " Verfahren nach Anspruch 3. wobei das Analoge einen an das 'N-Ende der Phenylalanin-Form nafflrfi- 
chen RiriderwachsaimshrjrTnons addierten Methlonin-Rest aufWeist und die Bakterienzelle aus dem 
Escherichia coi-Stairnm ATCC Nr. 39785 besteht 

6. Verfahren nach Anspruch 1. wobei das Hormon oder Analoge aus menschlichem Wachstumshormon 
oder einem Anatogen desseiben besteht 

7 Verfahren nach Anspruch 6. wobei das Analoge die Aminoslire-Sequenz natOrftehen mens*Uchen 
Wachstumshormons. beginnend bei Met'* . aufweist und die Bakterrienzelle aus dem Eschencha coli- 
Stamm ATCC Nr. 39386 besteht. ] 

a verfahren nach Ansoruch 6. wobei das Analoge die AmlnosSure-Sequenz von natOrlichem menschB- 
P^W^tun^^ 

aus dem Escherichia coB-Stamm ATCC Nr. 39384 besteht. 

9. Verfahren. nach Anspruch 2. wobei das Hormon aus Schweinewa^mshormon oder einem Anatogen 
desseiben besteht 

10l Verfahren nach Anspruch 9. wobei das Analoge einen am N-Ende der Phenylalanin-Form natOrfchen 
^Z^SSZ^ addierten M^o^Rest aufweist und die Baktenenrelte aus dem Esche- 
richia colt-Stamm ATCC Nr. 39804 besteht 

11. Verfahren nach Anspruch 2. wobei das Hormon oder Analogy aus QefKlgeiwachstumsror^ oder 
einem Anatogen desseiben besteht 

12. Verfahren nach Anspruch 11, wobei das Analoge einen am 

GeflOgelwac^ addierten Methionin-Rest aufweist und die Bakterienzelle aus dem Escheri- 

chia colr-Stamm ATCC Nr. 39792 besteht 
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13. Verfahren nach Anspruch 1. wobei vor dor Stufe (a) die Bakterienzelle Oder Fragmente derselben in der 
Ferrnentationsmaische suspendiert gehaften Oder in einer geeigneten Pufferiosung bei einem rteutralen 
pH-Wert suspendiert wird (werden). 

6 14. Verfahren nach Anspruch 13, wobei der neutrale pH-Wert etwa 7,4 betrSgt 

15. Verfahren nach Anspruch 1, wobei in Stufe (a) die Zellen mechanisch aufgebrochen werden. 

16. Verfahren nach Anspruch 1, wobei das Lysat vor Abtrennung des teijchenf5rmigen Materials it.u oiribr 
io geeigneten Menge entionisierten Wassers verdQnnt wird. 

17. Verfahren nach Anspruch 1, wobei die Abtrennung in Stufe (b) Oder Stufe (e) ein Zentrifugieren umfaflt 

18. Verfahren nach Anspruch 1, wobei die Abtrennung in Stufe (b) oder Stufe (e) eine Ultrafiltration umfaBt 

19. Verfahren nach Anspruch 1, wobei die Behandlung in Stufe (d) zur HerbeifOhrung eines Kontakts 
zwischen RQssigkeit und Feststoff. eine Beschallung umfaBt 

2a Verfahren nach Anspruch 1, bei wetehem des weiteren der Suspension eine geeignete Menge eines 
geeigneten oberflSchenaktiven Mittels zugesetzt und ferner die Suspension vor HerbetfOhrung des 
Kontakts zwischen RQssigkeit und Feststoffen in der Suspension in Stufe (d) eine geeignete Zett lang 
Inkubtertwird. 

21 Verfahren nach Anspruch 1, wobei das teifweise oder vollstSndig aus der Suspension, in der RQssigkeit 
" un d Feststoffe in Kontakt gebracht worden sind, in Stufe (e) abgetrennte ausgefallte Material in einer 
geeigneten Menge eines geeigneten Mediums resuspendiert wird, die derart zubereitete Suspension 
unter geeigneten Bedingungen einen RQssigkeits-/Feststoff-Kontakt erfchrt und dasgebildete ausgefSII- 
te Material von der Suspension, in der der RUssigkeitsVFeststoff-Kontakt stattgefunden hat. vor dem In- 
L5sung-Bringen in Stufe (f) abgetrennt wird. 

22. Verfahren nach Anspruch 21. wobei das geeignete Medium aus einer gepufferten Oder ungepufferten 
wSBrigen L6sung besteht 

23. Verfahren nach Anspruch 21, wobei der gebiWete Niederschlag mir«festens ein weiteres Mai resuspen- 
diert. einem RQssigketts-^eststoff-Kontakt unterworfen und abgetrennt wird. 

24. Verfahren nach Anspruch 1 . wobei nach dem lrH_6sung-Bringen des Niederschlags bei einem pH-Wert 
von etwa 9.0 - 12.0 der pH-Wert auf etwa 10,5 eingestellt wird. 

40 25. Verfahren nach Anspruch 1. wobei eine geeignete Menge einer in geeigneter Weise konzentrierten 
wSBrigen Natriumborat-Lfisung der in Stufe (f) erhattenen Lfisung zugesetzt wird. 

26. Verfahren nach Anspruch 1, bei welchem des weiteren die in Stojfe (f) erhalter>e ^sung durch 
ROssigkerts^ststoff-K^taktieren der Lfisung unter geeigneten Bedingungen geWSrt die einem 

45 ROssigkeitsVFeststoff-Kontakt unterworfene lfisung unter geeigneten, Bedingungen zentrifugiert, der 
flQssige Oberstand abgetrennt und die RQssigkeit filtriert wird, urn eine das Hormon oder das Anatoge 
enthaltende gekiarte lfisung herzustellen. 

27. Verfahren nach Anspruch 1. wobei das in Stufe (g) erhaltene Retentat yor oder nach der Behandlung in 
50 Stufe (h) noch mindestens einmal ultrafiltriert wird. 

28. verfahren nach Anspruch 27, wobei das Retentat vor der emeuten Ultrafiltration mit einem geeigneten 
Puffermtttel auf einen geeigneten alkaKschen pH-Wert verdQnnt wird. i 

55 29. Verfahren nach Anspruch 28, wobei der geeignete alkalische pH-Wert etwa 9.0 - 12.0 betragt 

30. verfahren nach Anspruch 28. wobei das VerdQnnen und Ultrafiltrieren mindestens einmal wiederholt 

• I 
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31. Verfahren nach Anspruch 27. wobei das Retentat wahrend des Ultrafiltrierens auf prakfisch konstantem 
Votumen gehalten wird. 

32. Verfahren nach Anspruch 31. wobei das Utoafiltrieren bei prakfischem konstantem Retentat-Volumen 
s mindestens einmal wiederhott wird. - .. 

33. Verfahren nach Anspruch- 1. wobei die Behandiung des in Losung gebrachten Hormone in Stufe (h) 
eine tonenaustausch-Chromatographie umfaBt 

,o 34. Verfahren nach Anspruch 33. wobei die kx.naustausch^hrornatographie mit einem aninh^n 
loranaustauscherharz durchgefOhrt wird. 
35. Verfahren nach Anspruch 34. wobei das aminhait*e k.enaustauscherharz aus Cethy.am.noethy.dex- 
tran Oder -sopharoso beslehL 

*. ^ ^ 1. -m m w*m >— - - *"* 

konzentriert wird. 

t ^ u«r«, rtrt nrfAr das Analooe im AnschluB an das 

37. Verfahren nach Anspruch 1. wobei das jerein.gte Hormon oder das Anaioge 
Trocknen durch Dialyse wetter geranigt wird. 

^ AftfinfUCh 37 wobei gegen eine L6sung mit einer geeigneten Konrentration eines 

38. Verfahren nach Anspruch 37, wooei. 
geeigneten Salzes dialysiert wird. 

bonatbesteht 
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4a Verfahren nach Anspruch 37. wobei durch LyophiHsieren getrocknet wird. 



40. vertanren naw rui^ ~~ — • . . 

^ . 37 ^ durch SprOhtrocknen umer geekjneten Bed,ngungen getrocknet 

so 41. Verfahren nach Anspruch 37. wooei a«» 

wird. . 

Revendications 

eucaryote ou ('analogue, a ete produit par expr» s 

m Ik nr^oarer une suspenslon du pteapne separe, u« Anoroor ^ e . avec Jusqu'^ 100 ug oe 

100 K dans des conditions appropriees. pour prw 

anaiogue. et une fraction retenue|et ^ concentrer encore rhormone ou 

M a trailer rhormone ou ranatogue dissou f;*3 LJg 

.S^««^— l^" 1 ^ 1 ^ H^decroissance 
, ^i^onl dans lequel .'hormone ou Panalogue. est une hormone de croissance 
2. ProcedS seton la revewiicaton 1 .dans wqu« 
animate ou un analogue de celled. 

18 
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a Procede selon la revendication 2. dans lequel Phormone ou Panalogue, est uno hormone de croissance 
bovine ou un analogue de celle-ci. 

! 

4. Precede selon la revendication 3, dans lequ I Panalogue comprend la sequence d'aminoacides Met- 
Asp-Gin ajoutdo k PextnSmte N-terminale de la forme k nSsidui phenylalanine de Phormone de 
croissance bovine naturelle. et dans lequel la cellule bacterienne est Escherichia con de la souche 
ATCC N • 39806. 

5. Procede selon la revendication 3, dans lequel Panalogue comprend un n§sidu methionine ajoute k 
Pextremite N-terminale de la forme k residu phenylalanine de Phormone de croissance bovine naturelle, 
et dans lequel la cellule bacterienne est Escherichia cofi de la souche ATCC N • 39785. 

6. Precede selon la revendication 1 . dans lequel Phormone ou Panalogue. est une hormone de croissance 
humaine ou un analogue de celle-ci. 

7. Precede selon la revendication 6, dans lequel Panalogue comprend la sequence d'aminoacides de 
Phormone de .croissance humaine naturelle. commengant au reside Met 1 *, et dans lequel la cellule 
bacterienne est Escherichia coli de la souche ATCC N- 39386, 

a Procede selon la revendication 6, dans lequel Panalogue comprend la sequence d'aminoacides de 
Phormone de croissance humaine naturelle prec£d£e par une methionine k Pextremite N-terminale, et 
dans lequel la cellule bacterienne est Escherichia coli de la souche ATCC N* 39384. 

9. Precede selon la revendication 2, dans lequel Phormone est Phormone de croissance porcine ou un 
analogue de celle-ci. 

10. Procede selon la revendication 9, dans lequel Panalogue comprend un r6sidu methionine ajoute k 
Pextremite N-terminale de la forme k residu phenylalanine de Ptjormone de croissance porcine 
natufelle, et dans lequel la cellule bacterienne est Escherichia coli de la souche ATCC N • 39804. 

11. Procede selon la revendication 2, dans lequel Phormone ou Panalogue. est Phormone de croissance de 
poulet ou un analogue de celle-ci. 

12. Precede selon la revendication 11, dans lequel Panalogue comprend un residu methionine ajoute k 
Pextremite N-terminale de la forme k residu phenylalanine de Phormone de croissance de poulet 
naturelle. et dans lequel la cellule bacterienne est Escherichia coli de la souche ATCC N • 39792. 

13. Precede selon la revendication 1, dans lequel avant I'etape (a), la cellule bacterienne ou des fragments 
de celle-ci. sont maintenus en suspension dans le milieu de fermentation, ou lis sont mis en 
suspension dans une solution tamponnee de manfcre appropriee k un pH neutre. 

* 

14. Procede selon la revendication 13, dans lequel le pH neutre est d'environ 7.4. 

15. Procede selon la revendication 1. dans lequel dans Petape (a), les cellules sont desintegnSes de 
manifere mecanique. \ 

16. Procede selon la revendication 1. dans lequel le lysat est diluS avec une quantite appropriee d'eau 
destonisee avant de separer la mature particulate. 

17. Procede selon la revendication 1. dans lequel la separation effectuee dans Petape <b) ou I'etape (e). 
comprend une centrifugation. 

I 

1a Procede selon la revendication 1. dans lequel la separation effectuee dans Petape (b) ou (e). comprend 
une ultrafiltration. 

19. Procede selon la revendication 1. dans lequel le traitement effectue dans Petape (d) pour mettre en 
contact le liqulde et les soOdes. comprend une sonication. 
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2a Proc&JS sekxi la r vendication 1, comprenant n outre Paddition dans la suspension, d'une quanta 
approprfc d'un tenstoaetif approprte. t en outre i'incubation de la suspension pendant une pSriode 
appropriSe avant d'effectuer I contact liquide-solides de la suspension dans I'Stape (d). 

5 21. Proc&*§ seton la revendication 1, dans lequel la mature pridpitie s6par§e partiellement ou compfete- 
ment h partir de la suspension de liquide et de solides mis en contact dans l'6tape (e), est remise en 
suspension dans une quantity appropri£e d'un milieu adapts, la suspension ainsi pnlparge est 
constitute de liquide et de solides mis en contact dans des conditions approprttesT et la matfere 
pnkipitSe nSsultante est $6pan*e de la suspension de liquide 'et de solides mis en contact, avert! \z 

o dissolution effective dans I'gtape (0. 

22. Proc6d6 seton la revendication 21, dans lequel te milieu approp^ est une solution aqueuse tamponnee 
ou non tamponade. 

15 23. Proc£d6 seton la revendication 21, dans lequel to pr€cipft§ resultant est remis en suspension, et le 
liquide et les solides sont mis en contact et s6pan3s aprfes au moins une pgriode supptementaire. 

24. Proc6d£ seton la revendication 1, dans lequel aprfes dissolution du pr6cipit£ a un pH cf environ 9,0 h 
12,0, lepH est ajustS a environ 10.5. _ \ 

20 

25. Proc6d6 seton la revendication 1, dans lequel on ajoute dans la suspension obtenue dans I'Stape (f). 
une quantity approprtee d'une solution aqueuse de borate de sodium concentre de manfere appro* 
priSe. 

25 26. ProcSdS seton la revendication 1, comprenant en outre la clarification de la solution obtenue dans 
r&ape (f), en mettant en contact le liquide et les solides de la solution dans des conditions 
approprtees. par centrifugation de la solution & liquide et sonde's mis en contact, dans des conditions 
. approprRSes. en sdparant le liquide sumageant et en fittrant le liquide pour produire une solution 
"ciaritee contenant rhormone ou I'anaiogue. 

30 

27. Proc6d6 seton la revendication 1, dans lequel la fraction revenue, obtenue dans l^tape (g) est 
resoumise a une ultrafiltration, au moins une fois, avant ou aprfes le traitement effect^ dans I'Stape (h). 

2a Proc6d6 seton la revendication 27, dans lequel la fraction retenue. est dilute avec un tampon appropri^ 
35 a un pH alcafin appropriS, avant d'etre resoumise a une ultrafiltration. 

29. Proc&tf seton la revendication 28, dans tequel le pH alcalin apprpprte, est d'environ 9.0 a 12,0. 

30. Proc&fc seton la revendication 28, dans lequel la dilution et I'ultrafiltration sont rSp&6es au moins une 
40 fois. 

31. Proc£d6 seton la revendication 27. dans lequel la fraction retenue est maintenue a un volume a peu 
prfes constant au cours de I'ultrafittratiqn. 

45 32. Proc&te seton la revendication 31, dans lequel I'ultrafiltration a volume de fraction retenue & peu prfes 
constant est nipStSe au moins une fois. 

33. Procter seton la revendication 1, dans lequel le traitement de rhormone dissoute effect*! dans IVStape 
(h). comprend une chromatographie par ^change d'ions. 

60 34. Proc6d6 seton la revendication 33. dans lequel la <^omatographie par ^change d'ions, est effect^ 
avec une nSsine Schangeuse d'ions aminde. ' 

i \ 
35. ProcSdS seton la revendication 34, dans lequel la nSsine Schangeuse d'ions aminSe. est du 
di4thylamlrK)dthyt-dextrane ou sSpharose. 

35. Proc6d6 seton la revendication 1, dans lequel rhormone ou ranatogue purifrf, est concentnS par 
ultrafiltration. 
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37. ProcSdS seton la revondication 1, dans lequel I'hormone ou I'analogue purifiS, est n outre puriffc par 
dialyse suivfe par un sSchage. . 

38. Proc^dd selon la revendtcation 37, dans lequel la dialyse est effectuSe contre une solution ayant une 
5 concentration appropr&e en un sel approprte. 

39. Proc6d6 selon la revendtcation 38. dans lequel le sel approprte, e# Thydroxyde d'ammonlum ou le 
bicarbonate d'ammonium. 

to 40. Proc£d6 selon la revendication 37, dans lequel le sSchage est effectug par lyophilisation. 

41. Proc£dd selon la revendtcation 37. dans lequel le sSchage est effeptuS par s£chage par atomisation 
dans des conditions approprt£es. - . — • — 
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